It has been suggested that etoposide can be transformed ' 
Introduction
Etoposide and teniposide (VM 26), two semi-synthetic podophyllotoxin derivatives, are promising anti-tumor agents for the treatment of small cell lung carcinoma [1 and 2] , paediatric acute lymphoblastic leukemia [3] and bladder cancer [4] . Although the exact mechanism of action is unknown, Loike [5] has reported the effect of various podophyllotoxin derivatives on the cellular degradation of DNA in HeLa cells" teniposide, etoposide and podophyllotoxin reversibly inhibit the uptake.of thymidine, uridine, adenosine and guanosine [5] [6] [7] . The addition of etoposide to adriamycin, cisplatinum or cyclophosphamide decreases toxicity [8] ; if podophyllotoxin (not containing a phenolic hydroxyl group) is added instead of etoposide, no such activity is observed. Sinha et al. [9] [10] [11] suggest that lipid peroxidation, induced by, for example, adriamycin is;inhibited by etoposide, related to its ability to utilize the generated hydrogen peroxide for its own activation. This peroxidative process produces the oxygen-centred free radical intermediate of etoposide.
The study of Sinha et al. [10] also proves that etoposide does not affect the initial formation of the anthracycline free radical nor that etoposide reacts with the superoxide anion to form a secondary radical.
In addition, preliminary reports by van 
Experimental
Hardware and software
The computerized, on-line data acquisition and processing system used, has been previously described [16] . [17] . The first electron-release is a pH-dependent reversible process, after which a neutral free radical results [15] . The second step is the formation of the cation, followed by rapid solvolytic conversion into an ortho-quinone. The irreversibility of the second electron-release is at least partly caused by the rapid conversion of the primary electrolysis product [17] . The benefits of this coulometric system, equipped with a graphite powder working electrode instead of platinum gauze, include a high yield (theoretically a 100% conversion) and short electrolysis time, the latter being especially important in case of relatively short-lived free radicals.
The electrochemically produced free radical of etoposide has been described by van Maanen et al. [15] . By coupling an electrochemical flow-through cell and an e.s.r, aqueous flat cell, the free radical was produced and detected on-line. The electrolysis at constant potential was carried out using a platinum gauze working electrode (+500 mV versus Ag/AgC1) in mM Tris buffer (pH 7.4) (0" M NaCl) and in mM Tris buffer (pH 7"4) (0"1 M NaC1) containing 20% methanol (v/v).
Under these conditions, the half-life times of the free radical were 257 s and 361 s respectively.
In this paper, the ESA Coulochem system has been used to generate the free radical on-line after HPLC. In this kind of system, the cyclic voltammograms of etoposide
show properties similar to batchwise results [16] with the exception of sigmoidal-shaped curves 18] (waves) being generated, instead of peaks (figure 1). In the HPLC system described here, the retention times of oxygen and etoposide are 6 min 00 s and 7 min 30 s.
In the Coulochem detector, an unconventional reference electrode has been used by the supplier, using the H2/H + couple [19] . As the exact potential of this electrode was net given by the manufacturer, the working electrode potential of the coulometric system had to be chosen experimentally. Varying the coulometric electrolysis potential in the HPLC system from +200 mV up to +1200 mV versus the H2/H + couple at pH 8, no electrochemical activity was observed at +200 mV and + 300 mV. At +400 mV, however, the limiting current of the first oxidation step of etoposide decreases, whereas a reduction wave arises. Changing the electrolysis-potential to +500 mV results into total absence of the first oxidation step in the forward scan and progress of the reduction wave (see figure 2[a] ). The reverse scan of the cyclic voltammogram also shows a reduction wave ( figure   2 [a]). Decreasing the scan limit from + 1000 mV to +600 mV versus the Ag/AgC1 electrode, proves that the reduction waves in the forward and reverse scans are related ( figure 2[hi) . In pH-range 2-9"7, etoposide partly occurs in the.
phenolate form, which can be oxidized more easily in a similar way to other conjugate bases [17] . The first reaction-step is favoured by increasing pH; the second reaction-step is pH independent. Decreasing the pH leads to a reduction in the phenolate/phenol ratio, which results into anodic shifting of the first step; as the second step is pH-independent, the shift leads to merging ofboth steps.
The free radical of etoposide arises at the first oxidation step. At pH 8, allowing two separate one-electron steps (figure 1), the radical, indicated by the disappearance of the first oxidation wave and the generation ofa reduction wave ( figure 2[a] ), has been generated. The To determine the half-life time of the radical, the stopped-flow method was used. After injecting the compound, the cyclic voltammograms are monitored on-line on screen. As soon as the radical enters the detector-cell, the flow is stopped and the scans are stored in memory. 
